I
n the fall of 2000, the National Institutes of Health (NIH) and the Howard Hughes Medical Institute (HHMI) funded a review of undergraduate education by the National Research Council (NRC), with an eye to modernizing biomedical education. Last year, NRC released the report Bio2010: Transforming Undergraduate Education for Future Research Biologists (CUBE 2003) . The report calls for greater integration of math and physical science into the biology curriculum; for reduction of administrative and financial barriers to cross-departmental collaboration; for interdisciplinary laboratory experiences; for experiential learning paradigms, including mentored undergraduate research; and for faculty development programs to effect curricular change.
Certainly these are goals that all biologists should support. But the devil is in the details. The report provides four sample curricula; all are highly prescriptive, focused at the cellular level and below. Does the report marginalize nonbiomedical areas of biology? Many people think so. I, for one, cautioned the committee at the NRC meeting where the report was released, saying,"Bio2010 may lead to the abandonment of environmental biology at smaller colleges in favor of a biomedical curriculum-and the fracture of biology departments at larger schools, with biomedical departments in colleges of arts and sciences, and ecology/evolution relegated to applied schools of forestry and agriculture." The committee chair responded that the recommendations were intended for all biologists. Between the time of the rollout and final publication, the title of the report was changed; the working title had been "Undergraduate Education to Prepare Biomedical Research Scientists" (emphasis added).
The passage of time since the report was issued has allowed colleges to react to it-and react they have.The report has had a much wider impact than other recent NRC reports on education. Introductory "service courses" in physics and chemistry are being rethought, and new biomathematical and biophysics courses are being added to the curriculum. A recent letter in Science by Bruce Alberts (2003) , president of the National Academy of Sciences and chair of NRC, expressed concern over "misinterpretation" of Bio2010. He decried the fact that some colleges are using the report to "justify the diminution-or even the elimination-of ecology, population and evolutionary biology...in undergraduate...curricula. This is certainly not an appropriate response to the committee's conclusions" (p. 1504). But it was a predictable response, nonetheless. Donald Kennedy, editor of Science, has laid the blame for the "misinterpretation" this way: "To begin with, the title talks about training 'research biologists' .... The terms 'biology' and 'biologist' are used exclusively throughout the recommendations section.... There are various efforts to remind the reader that the plant sciences and even ecology are not meant to be excluded, but somehow these come off as afterthoughts, leaving little doubt about what is really important" (2003, p. 224) .
Is there evidence that Bio2010 is causing a decline in environmental and whole-organism biology? In December 2003, I informally surveyed members of the Council on Undergraduate Research, who come from primarily undergraduate institutions (baccalaureate colleges and comprehensive universities). The results can be found at www.cur.org/ survey/bio2010.asp. More than 170 people responded; 82 said that their schools had discussed Bio2010. Fourteen schools had already altered their curriculum as a result of the report, and another 17 planned to do so; 20 others were still considering changes. Only seven had opted for the status quo. Fourteen schools said that changes made in response to Bio2010 caused a relative increase in the proportion of biomedical to environmental course offerings. None reported a decrease.
More interestingly, a dozen of the baccalaureate colleges that were planning curricular change had submitted proposals to HHMI for funding to reform their curriculum in favor of biomedical education. Bio2010 is the recognized road map for these proposals. The report, coupled with HHMI funding, is thus a powerful driver of curricular change. Since the major source of funding for undergraduate biology curriculum reform has a biomedical bias, the clear impression is that modern biology departments, even at small colleges, should be medically oriented departments with a focus on molecular and cell biology.
One respondent, Dale Kennedy of Albion College, encapsulates these concerns: "We have recently submitted a proposal to HHMI based on Bio2010. If funded, we will be adding more biomedically related components in several areas.... One question that has not adequately been addressed is what will come out of our existing courses to add this new material. [The report] gives the impression that future researchers are needed mainly in biomedical fields...but we need future researchers as much, if not more, in environmental and ecological fields. The biggest problems the world faces are environmental....
Bio2010: Unintended Consequences?

ELAINE HOAGLAND
Whether the Committee...intended it or not, the document is contributing to a climate that is beginning to divide biology faculty at small liberal arts colleges, places where organismal biology is often still on a par with molecular biology." Laura Hoopes, a molecular biologist herself at Pomona College, writes,"Since environmental degradation is probably a signature problem of the century, I don't think Bio2010 is right in neglecting the necessity for training in fields related to ecology." Carl Pike, of Franklin and Marshall College, puts it this way: "Because it comes from a well-respected organization, Bio2010 may have a damaging effect on biology education. It is hard enough to convince students that there are many aspects of biology beyond medicine; our task has now been made harder."
Another criticism of the sample curricula is that they do not fit the framework of a liberal arts college, with its heavy emphasis on broad preparation and civic skills. There is real concern that undergraduate biology students who specialize early in their careers will be undertrained in social conscience and in the ability (or desire) to communicate science to society (Kennedy 2003) . At many schools, majors are limited to 16 courses, yet some Bio2010 options exceed 20 courses. "We are constrained by a college rule limiting required coursework in the major, which I support. I want our science graduates to be wellrounded, effective citizens," says Gary Reiness, of Lewis and Clark College.
In summary, Bio2010 and recent upswings in funding to support a biomedical undergraduate curriculum have accelerated recent historical trends to produce
• The perception that biomedicine is the only modern and important area of biology.
• A major disparity between the financial resources for biomedical studies and those for other biological studies, even at small colleges.
• The gravitation of students toward biomedical research.
• The loss of organismal and environmental courses, of faculty expertise in these areas, and of opportunities for students to become organismal or environmental biologists.
• The fracturing of biology into biomolecular departments in liberal arts colleges and departments of environmental or earth science in schools of resource management or agriculture.
• A decline in physicians' and medical researchers' knowledge about whole organisms and their natural environment, thus decreasing the quality of medical practice and research.
• The loss of "biophilia," the passion for the wonderful world of living creatures, that drew many of us to biology in the first place.
What should be done?
For students: All biologists, including those with organismal and environmental interests, must develop quantitative thinking skills (Bialek and Botstein 2004) . But all students should also study biological diversity and sustainability as a part of their "biosphere literacy." Undergraduates headed for medical fields should be grounded in the environmental and evolutionary aspects of the disease-wellness continuum. They need a knowledge framework that includes whole plants and animals.
For colleges: Colleges should recognize an educationally valid "niche" for specialization in organismal and environmental biology, within a broad, college-wide curriculum focus on sustainability. Schools with this focus will be attractive to students who plan to become K-12 teachers or to enter careers in agriculture, environmental science, or public policy. But most of all, those schools will fill a critical societal need by educating whole human beings.
For foundations: Foundations should support colleges with a mission in teaching organismal and environmental biology, especially in a context of sustainability. Who else will do it if foundations don't?
For HHMI, NIH, and NRC: NRC should reprint Bio2010 using the original title to indicate its focus on biomedical education. HHMI and NIH should fund a study of the value of an environmental/organismal framework for biomedical research and practice. At the same time, all three organizations should use their influence to call for support of environmental biology fields and should make a clear public statement as to the social value of environmental research and education.
For biological and earth science organizations (including AIBS): Using the sound pedagogical principles of Bio2010 as a foundation, these organizations should publish an alternative to the curricular models in Bio2010.
We need to solidify a constituency for organismal biology and environmental science. Students are interested in these fields; society needs them. The missing link is the powerful incentive of financial support coupled with the prestige of powerful scientific voices.
